Atopic dermatitis (AD) is a chronic and relapsing inflammatory disease that affects 1%e20% of people worldwide. Despite affecting many people, AD current treatments, such as corticosteroids and calcineurin inhibitors, have not only harmful secondary effects but are also often ineffective. Therefore, natural nontoxic compounds are on high demand for developing new effective AD treatments. Panax ginseng Meyer has been used traditionally for its promising healing and restorative properties to treat many diseases including skin disorders, reason why in this review we want to explore the research performed with AD and P. ginseng as well as determining its potential for new drug development. Previous researches have shown that P. ginseng has positive effects in AD patients such as lower eczema area and severity index, transepidermal water loss, and immunoglobulin E levels and better quality of sleep. In vivo animal models, as well, have shown positive results to P. ginseng and derived ginsenosides, such as the decrease of transepidermal water loss, immunoglobulin E levels in serum, allergy-related cytokines, and downregulation of NF-kB, MAPK, and Ikaros pathways. All of these previous data suggest that P. ginseng and its derived ginsenosides are undoubtedly a nontoxic effective option to treat AD.
Introduction
Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease characterized by pruritus, erythema, scaling, edema, and inflammatory eczematous eruptions that usually begin early in life [1] . AD is a major global public health problem, affecting 1%e20% of people worldwide, with a prevalence of about 1%e3% in adults and 10%e20% in children [2] . Instead of having one specific cause, AD is considered to be triggered by the interaction of many pathological mechanisms such as genetic background, impaired skin barrier function, impaired immunity, and environmental factors acting synergistically [3] . Despite affecting a great amount of people around the world, effective therapeutic strategies are yet to be established [4] . Panax ginseng has been extensively used in Asian traditional medicine because of its healing, restorative, and anti-inflammatory properties [5] . It has also been used in traditional Chinese medicine to treat skin disorders including atopic suppurative dermatitis, but the modern knowledge in this area continues to be lacking [6] . Nowadays, many studies focus on purified individual ginsenosides, which are ginseng's most important constituents and study their specific mechanism of action, so diseases' treatment can be more accurate [6] . Because of its traditional use in the treatment of skin disorders, in this review, we aim to examine the research performed with ginseng and determine its potential as a more natural nontoxic alternative for treating AD.
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AD pathology and mechanism of action
Atopy is defined as an inherited tendency to produce immunoglobulin E (IgE) antibodies in response to minute amounts of common environmental proteins such as pollen, house dust mites, and food allergens [7] . Dermatitis derives from the Greek word 'derma,' which means skin and 'itis,' which means inflammation, therefore skin inflammation [3] . The occurrence of AD has been associated with two anomalies: the first one corresponding to an imbalance of the adaptive immune system [8] and the second one being the presence of a defective skin barrier [9] . Because AD is strongly correlated to inflammation, several arguments support that AD is primarily an immune disease [8] .
The theory of immunological imbalance argues that AD results from an imbalance of T cells, particularly T helper cell types 1 and 2, the latest being the predominant type in AD's acute phase and the second one predominating in an inflammatory chronic phase [3] (Fig. 1) . Antigen-activated TH2 cells cause an increased production of interleukins (ILs), primarily IL-4, IL-5, IL-13, IL-31, and tumor necrosis factor-alpha (TNF-a) [10] . IL-5 induces eosinophil recruitment [11] , whereas IL-31 is related to pruritus development [12] and IL-4 enhances B cells to start producing IgE antibodies. When IgE antibodies interact with the specific receptor FCεRI on mast cells, it activates a signaling cascade that ends up with an increase in the intracellular Ca 2þ , mast cell degranulation, and the release of allergic mediators (histamine, prostaglandins, b-hexosaminidase, and leukotrienes) [13] . Mast cell activation is also associated with an increase in Th17-associated cytokines (IL-17A, IL-6, IL-23) [14] and the production of proinflammatory cytokines (IL-1b, IL-6, IL-8) [15, 16] , and chemokines (macrophage inflammatory protein [MIP]-1a, MIP-1b, regulated on activation normal T cell expressed and secreted, monocyte chemoattractant protein-1) [15] , which together with TH1-derived mediators (IL-1b, IL-6, IL-8, IL-10, interferon [IFN]-g) induce the chronic inflammatory phase of AD (Fig. 1) .
The allergic inflammatory response has been associated mainly with the activation of the mitogen-activated protein kinases (MAPKs), which include the extracellular signaleregulated kinase, c-Jun N-terminal kinase, and p38 MAPK [17] . MAPKs are involved in the activation of NF-kB pathway, whose translocation into the nucleus initiates the transcription of inflammatory and allergy-related mediators, reason why regulation of MAPK and NF-kB pathways is considered vital for AD prevention [15] . Another transcription factor involved in the allergic reaction is Ikaros, which has been related to Th2 activation and IL-4 production, therefore playing an important role in AD progression [17] .
Barrier function has long been known to be reduced in the skin of patients with AD [9] . Previous studies showed that AD patients had increased transepidermal water loss and that this was due to a loss of function of the filaggrin (FLG) protein [18] . FLG facilitates not only the terminal differentiation of the epidermis but also the formation of the skin barrier, thus having an important role in maintaining the epidermis structure and hydration [19] . Because a defective skin barrier allows allergens to penetrate the epidermis more easily, patients with FLG mutation are more prone to develop AD [20] . Keratinocytes, the main cells in the epidermis, also play an important role in the progression of AD, because, when exposed to allergens or microbes, they are able to secrete Thymus and activation-regulated chemokine (TARC) and macrophage-derived chemokine (C-C motif chemokine ligand 2), which mediate the inflammatory tissue Th2 cells infiltration and thymic stromal lymphopoietin (TSLP), which activates Langerhans cells (dendritic cells) to induce TH2 differentiation [15] (Fig. 1 ).
Commonly used AD treatments
As previously mentioned, it has been generally established that AD patients suffer either a skin barrier dysfunction, skin inflammation, or both, reason why it is difficult to find an adequate treatment and a combined treatment is often recommended [21] . An important feature of AD treatment is the maintenance of skin function; thus, typical AD treatments have included the use of emollients for improving skin hydration and barrier repair [22, 23] , as well as the elimination of factors (including allergens, irritants, and emotional triggers) that might exacerbate the scratch-itch cycle [24] .
Even though emollients are vital for maintaining skin hydration, they cannot be used, for example, against Staphylococcus aureus infection and there is also no definite evidence to prove that their use diminishes AD's severity [23] . Because chronic and severe pruritus reduces the quality of life in patients and scratching damages the skin barrier and worsens inflammation of the skin, the regulation of both symptoms has become one of the most important aims for the treatment of AD [25] . Previous pruritus' treatment has included the use of antihistamines and antiallergic drugs [26] , which have been shown to help in the pruritus-related insomnia; however, further studies are needed to prove their true efficacy [27] . Previous treatments for managing AD-related inflammation include corticosteroids and calcineurin inhibitors. Corticosteroids act on a variety of immune cells, including T lymphocytes, monocytes, macrophages, and dendritic cells, interfering with antigen processing and suppressing the release of proinflammatory cytokines. However, if used for long terms, they can lead to skin atrophy or the development of rosacea, striae, and hypothalamicepituitaryeadrenal axis alteration, among other secondary effects [28] . Calcineurin inhibitors, even though less potent than steroids, are also used with anti-inflammatory purposes [29] . Calcineurin inhibitors' common side effects include burning, redness, and pruritus that may appear depending on each patient [7] .
On the other hand, several studies have shown that the narrowband UVB (311 nm) and high dose UVA1 (340e400 nm) can act as moderately potent topical steroids for acute, severe atopic eczema. However, special irradiation devices, which are only available in specialist centers, are needed for this type of treatment [30] , and depending on the patient, unwanted side effects such as erythema, blistering, hyperpigmentation, and eczema, among others, might appear [31] . In addition, specific AD mediator's inhibition treatments have been developed such as cyclosporine A [32] and azathioprine [33] (Tcell inhibitors), infliximab [34] (TNF-a inhibitor), omalizumab [35] (IgE inhibitor), mepolizumab (IL-5 inhibitor) [11] , and dupilumab (IL-4 and IL-13 inhibitors) [36] . Exempting dupilumab, which is currently on medical trial, all remaining treatments have proved to have either low efficacy on AD's treatment or undesired secondary effects (Table 1) .
Use of P. ginseng extract and ginsenosides in AD treatment
Ginseng refers to the root and rhizome of P. ginseng (Araliaceae), an herb extensively used in Asia because of its anti-inflammatory, anticancerous, antidiabetic, and antiallergic properties [37] . No apparent adverse effects [36] AD, atopic dermatitis; TEWL, trans epidermal water loss; TCS, topical corticosteroids; TCI, topical calcineurin inhibitors; UV, ultraviolet light; NbUVB, narrowband UVB; IL, interleukin; TH, T helper cell; TNF-a, tumor necrosis factor-alpha.
Ginsenosides, ginseng's major active pharmacological components, are steroid-like saponins which can only be found in the ginseng species [37] . Besides being used in the treatment of many inflammatory diseases, P. ginseng and derived ginsenosides have shown to be effective in the treatment of many skin diseases [38] . Ginseng roots have been used in Chinese medicine to treat skin ailments such as wounds, psoriasis, skin inflammation, and suppurative AD. Nevertheless, relatively few studies have been performed regarding the use of P. ginseng in the treatment of AD [6] . P. ginseng has been proven to be a good candidate in the treatment of AD because Korean Red Ginseng (KRG) extract trials in AD patients resulted not only in a decrease of eczema area and severity index but also a decrease in the transepidermal water loss [39] , IgE serum levels, and skin squamation, while improving the patients sleep disturbance and aiding the stratum corneum recovery [40] . In addition, KRG treatment in 1-fluoro-2,4-dinitrobenzene (DNFB)e induced NC/Nga showed a decrease in ear thickness, TEWL, IgE contents in serum, and AD-related cytokines such as TSLP, TNF-a, IL-4, IL-17, and IFN-g [41] , whereas, when induced with 2,4,6-trinitro-1-chlorobenzene, it not only showed decrease in ear thickness and IgE contents but also downregulated the expression of TSLP, TNF-a, IFN-g, and IL-31 (Table 2 ) [42] .
In Balb/c mice, when induced with DNFB, KRG managed to decrease ear thickness, IgE contents in serum, AD-like skin lesions, anaphylaxis, AD-related cytokines such as IL-1b, IL-6, and IL-8 and MAPK and NF-kB pathways [15] . When induced with 2,4-dinitrochlorobenzene (DNCB), other AD-related cytokines such as IL-4 and IL-10 were downregulated, as well as IgE serum contents and MAPK and NF-kB pathways, as well as Ikaros transcription factor [17] . Likewise, DNFB-induced Wistar rats, Balb/c, and Institute of Cancer Research (ICR) mice showed an improvement in the scratching behavior, ear thickness, and substance P (pruritusrelated) [43] . KRG also decreased the levels of IL-1b, IL-6, IL-8, TARC, macrophage-derived chemokine, MAPK, and NF-kB pathways in TNF-ae and IFN-geinduced HaCaT cells and downregulation of IL1b, IL-6, IL-8, MIP-1a, MIP-1b, regulated on activation normal T cell expressed and secreted, and monocyte chemoattractant protein-1, as well as MAPK and NF-kB pathway in phorbol-myristate acetate/ A23187-induced HMC-1 cells [15] . Cultivated ginseng could not only downregulate IgE contents in serum, IL-4, IL-5, IL-13, TNF-a, and IFN-g expression, ear thickness, and immune cells infiltration but also downregulated TARC pathway in TNF-a/IFN-geinduced HaCaT cells [44] .
Ginsenosides have also been proven to be effective in AD treatment. Gintonin, for example, could decrease ear thickness, IgE levels in serum, plasma autotaxin levels in plasma, histamine release, and IL-4 and IFN-g levels in DNFB-induced NC/Nga mice ( Table 2 ) [45] . 20-O-b-d-glucopyranosyl-20(S)-protopanaxadiol, ginseng's main metabolite, had also a good effect in Dermatophagoides farinae body extracteinduced NC/Nga mice, reducing the dermatitis score, ear thickness, scratching behavior, skin lesion, cytokines including IL-12, IL-4, IL-5, IL-10, IFN-g, and GM-CSF, as well as diminishing eosinophils and mast cell infiltration [46] . Rh2-and Rg3-treated 2,4,6-trinitro-1-chlorobenzeneeinduced NC/Nga mice also showed improvement in the scratching behavior and decrease in both the IgE in serum and TNF-a, IL-4, and IFN-g levels [10] . Red ginseng extract, Rb1, Rg1, Rg3, and Rh1 treatment in IgEinduced KU812 cells decreased the levels of IFN-g and CCL-2 in induced human epidermal keratinocytes NHEK (NB) [47] . Treatment with Rg3, Rf, and Rh2 decreased the b-hexosaminidase release in IgE-sensitized RBL-2H3 cells and the levels of TNF-a, IL1b, cyclooxygenase-2, IL-4, and IFN-g in anti-DNP IgE/DNP-HSAe induced ICR mouse, managing to also decrease lipopolysaccharideinduced inflammatory response including the production of cyclooxygenase-2 and nitric oxide in RAW264.7 cells [16] .
Concluding remarks and future perspectives
Despite affecting a major part of the population around the world, effective and nonharmful treatments for AD have yet to be developed. As per the research performed with P. ginseng, we can conclude that, besides its promising healing and restorative properties to treat many skin disorders, it has shown to be also a promising treatment for AD. Compared with the currently used treatments, P. ginseng and its derived ginsenosides might prove to be not only a nontoxic but also less expensive, natural, and effective AD treatment. Therefore, more research related with P. ginseng as well as its derived ginsenosides are further needed for new drug development.
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